ABSTRACT
INTRODUCTION
The effects of air pollution on health are detected in several cities around the world. This led the World Health Organization (WHO) to propose reduction targets from decreasing Air Quality Guidelines, replacing the previous regulations, in force until 2005 16 . Studies on the impact of air pollution on health in Latin American countries yield results similar to those in other locations in the world 12 . Most studies refers to air pollutants resulting primarily or secondarily from burning fossil fuels: fine particulate matter (PM 10 ), sulfur dioxide (SO 2 ), carbon monoxide (CO), nitrogen oxides (NO x ), and ozone (O 3 ). As for health outcomes, respiratory and cardiovascular diseases are the ones most commonly associated with air pollution 16 .
Vitoria is part of a geographical area of great urbanization called Greater Vitoria metropolitan area. It is the fourth most populous city of the Espirito Santo state (327,801 inhabitants in a 98 km 2 area) according to data collected by the Brazilian Institute of Geography and Statistics (IBGE) in 2010. It is surrounded by a river island called Vitoria Bay. It has two ports that are a part of the largest port complex in Brazil (Port of Vitoria and Port of Tubarao). Since 2000, the city has had an Rede Automática de Monitoramento da Qualidade do Ar (RAMQAR -Automatic Air Quality Monitoring Network ). This RAMQAR has three stations ( Figure 1 ) and measures the parameters of PM 10 , SO 2 , O 3 , CO, and hydrocarbons in the neighborhoods of Jardim Camburi, Enseada do Sua, and Vitoria Centro a . Carapina station, located in a municipality close to Vitoria, monitors the meteorological parameters, in addition to measuring PM 10 .
Large industrial projects were implemented in the Greater Vitoria Region since the early 1970s, and industry was identified as the main source of pollution in the area a . According to the same source, the growth of car fleet and real-estate projects has changed the area profile in recent years. An inventory of sources carried out by the Instituto Estadual de Meio Ambiente e Recursos Hídricos (IEMA -Institute for Environment and Water Resources of Espirito Santo) in 2011 indicates dust resuspension (68.0%), which has various origins, industries (21.0%), and vehicles (4.0%) as the main causes for PM 10 levels. Industrial emissions accounted for almost all SO 2 emission to the atmosphere and for more than half of NO x emission, and a small relative share for hydrocarbon emission. In turn, vehicles were the main responsible for emitting CO and hydrocarbons (around 50.0%) Publications on the effects of air pollution in several Brazilian cities use different approaches, which has prevented comparisons between findings. Aiming at contributing to this comparison, the methodology used in this study was applied to various Brazilian cities that have air quality monitoring. This study aimed at estimating the risk of illness due to respiratory and cardiovascular diseases and its relation to air pollution in Vitoria. (ICD10: J00-J99) at all ages (TRD), respiratory diseases (ICD10: J00-J99) in children under the age of five years (CRD), and cardiovascular diseases (ICD10: I00-I99) in adults over 39 years old (CVD), used as dependent variables in the models. The pollutant variables were grouped according to monitoring stations and meteorological variables in the same website. Meteorological and pollutant data from three monitoring stations in the city of Vitoria, provided by IEMA, were grouped in daily averages for PM 10 and SO 2 , and the largest 8h-concentration for O 3 , minimizing losses in case the stations were considered individually. The bases were evaluated for information continuity, accepting losses of up to 15.0% of days in the period for each environmental variable. The concentration values of PM 10 , O 3 , and SO 2 were used as exposure variables, and temperature and relative humidity as controls.
METHODS

Data
Using the data provided by the website as a source of information, a time-series analysis was performed with the ares library developed for the R application d , using the same methodology applied in cities that have joined the project. For each participating municipality, explanatory models were created for the counts of hospital admissions due to causes studied over time. The proposed models are part of the class of Generalized Additive Models (GAM), with the option of Poisson regression. In this class of models, the average daily number of health events was described as the sum of functions of explanatory variables. The terms whose association with the outcome was linear, e.g., weekdays and holidays, were included in the model multiplied by a slope. Variables that were nonlinearly related to the outcome were included in the model by smooth functions, e.g., splines, according to the equation:
in which Y t and X 1t are the numbers of morbid events and the level of a given pollutant on day t, respectively; X it are the predictor variables, including time, and S i are the smoothing functions, using natural splines. When indicator variables for weekdays and national or local holidays were added, its significance was tested. Holidays with significance of up to 0.09 were grouped according to the direction of the effect: positive or negative. In the time-series modeling process, the aim was to minimize the Akaike Information Criterion (AIC) and optimize the Partial Autocorrelation Function (PACF).
After building the working model (Core Model) containing all control variables and checking their suitability, pollutants in lags of up to five days (simple lag) were added individually. The cumulative effect in that period was also analyzed from a polynomial distributed lag model. This model, in addition to considering the latency of the effect of pollutants, minimizes the instability in the estimation process, typical of analyses that use multiple lags 13 .
The effect was estimated for each pollutant linearly added to the working model, providing the percentage of relative risk (%RR) for each increment of 10 µg/m 3 . This is derived from RR using the following formula: %RR = (e 10β -1)*100. This amount expresses the percentage change in the average number of hospital admissions for a variation of 10 µg/m 3 in pollutant concentration. A 5% significance level was assumed in all estimates.
RESULTS
We found a smaller number of child admissions, with an average of two per day due to respiratory diseases. Losses of meteorological and pollutant data were below 15.0% from January 2001 to December 2006, a limit established as acceptable for the period (Table 1) .
Despite the characteristic seasonality of pollutants, annual PM 10 Residue analysis indicated a good adjustment of the model for researched outcomes. Even with the small number of hospital admissions due to respiratory diseases in children under the age of five years, the distribution of standardized residues compared with the normal distribution in quantiles was similar to the distribution for cardiovascular and all respiratory diseases.
Upon adding pollutants in simple lag in the models, a significant relationship was found for PM 10 at lag 0 with %RR = 4.40 (95%CI 0.64-8.23) when analyzing TRD. A relationship was found at lag 2 for CRD: %RR = 2.55 (95%CI 0.08-5.08) also for O 3 . Cardiovascular diseases were not related to any of the pollutants studied in this lag structure. Table 2 for hospital admissions due to total respiratory diseases and in children under the age of five years. CVD were related only to ozone.
DISCUSSION
Health outcomes presented a more robust and consistent relationship when considering the cumulative effects of pollutants from zero to five days in Vitoria. Hospital admissions due to total respiratory diseases and respiratory diseases in children under the age of five years were related to all researched pollutants, most strongly associated with PM 10 . Admissions due to cardiovascular diseases were associated only to variations in ozone levels. The results expressed in %RR indicate how much the average daily number of admissions increases for each increment of 10 µg/m 3 of the pollutant. Nevertheless, the effect of air pollution was found on residents of Vitoria. This supports the WHO recommendation to always seek lower exposure levels for health protection, even in cities of little pollution, as the dose-response relationship is linear when the effects of air pollutants are analyzed without a safe dose 4, 16 . Vitoria has a mixed exposure characteristic (industry and vehicles contribute to pollutant levels) and must have a PM 10 composition different from other urban centers where vehicles predominate. To understand the effects of each type of exposure source, speciation studies on particulate matter are required, but this is not available in the location.
Although a period of more data completion was considered for the study, gaps in the information on ozone levels were noted. These gaps, although within tolerable limits according to the criteria established by the authors, are found on a single period of 2005, which may have influenced the results of the analysis of this pollutant.
Among the pollutants, PM 10 presents the most frequent and consistent relationship with cardiovascular and respiratory tract diseases, although it is not always possible to separate the effects of other pollutants, as they are all present in the air we breathe 1 . A review study on the mechanisms of action of PM 10 indicates the onset of oxidative stress and the systemic inflammatory process that may be related to the anatomical and physiological lung remodeling and the atherosclerotic process 1 . We found a relationship between respiratory diseases and PM 10 in Vitoria. This pollutant was not related to hospital admissions due to cardiovascular diseases.
Bell et al.
2 performed a meta-analysis of time-series studies and found a relationship between ozone and overall mortality and mortality due to cardiovascular diseases considering American cities and other locations. Deaths from respiratory diseases were not associated with ozone levels. In a recent publication of 34 studies evaluating the effects of PM 10 , PM 2,5 , CO, NO 2 , SO 2 , and O 3 on myocardial infarction, no significant relationship was found between the latter pollutant and this outcome 10 . Exposure to ozone was significantly associated to hospital admissions due to respiratory diseases in children 8, 11 and cardiovascular diseases in adults over 39 years old living in Cubatao, on the coast of the state of Sao Paulo 11 . In the city of Sao Paulo, this relationship was observed for respiratory diseases in children, with a weaker association than the one found in this study. In Sao Paulo, the risk of admissions was evaluated for increments of 10 µg/m 3 , which allowed the comparison with our findings
.
The literature shows that effects on health continue to be detected even in low exposure to sulfur dioxide 15 . This should become a greater concern in Vitoria, as an increasing trend of this pollutant was observed in the studied period. This trend persisted, as noted in the Relatório Anual de Qualidade do Ar de Vitória de 2013 (2013 Annual Vitoria Air Quality Report), which analyzed the past 10 years.
In a literature survey on effects of air pollution on the health of residents of Vitoria, three publications were found. The first one 9 explores the attributable proportion of deaths due to respiratory diseases in the elderly and children in the Brazilian urban population, including Vitoria, by the application of the coefficient of dose-response relationship in time-series studies performed in the cities of Rio de Janeiro and Sao Paulo. The second one 3 analyzes the rates of outpatient care for asthma according to Vitoria neighborhoods. The third one 14 explores time-series models -both those already established in the literature and principal component analysis. With the two approaches, the authors aim at establishing a dose-response relationship between pollutants and hospital admissions in children, indicating a better suitability of the model and the pollution impact when using principal component analysis. With this approach, %RR = 3.00 was found for the increment of 10.49 µg/m 3 of PM 10 , while the %RR obtained from the conventional approach was 2.00 for the same pollutant increment. While it is difficult to compare when using different analysis methodology, this study found the highest estimate for children under the age of five years, with %RR = 6.6 for each increment of 10 µg/m 3 of PM 10 , when considering the cumulative effect of zero to five days.
